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groups according to job; 354 were assigned to a presynthesis group and 196 to a postsynthesis group. Those in the presynthesis group were thought to have been exposed to benzidine and the subjects in the postsynthesis group were exposed mainly to its derived dyes. The 15 cases of bladder cancer diagnosed were all in the presynthesis group, although an excess ofbladder cancer was also seen in the whole cohort. The standardised incidence ratio (SIR) of bladder cancer was 1918 in the whole cohort and 3500 in the presynthesis group. Moreover, the SIR of bladder cancer in a subgroup working directly with the assignment, transport, and mixing of benzidine was as high as 7500. A further retrospective cohort study was made on incidence of cancer among 1420 workers who used benzidine derived dyes in 43 textile printing and dyeing factories. No excess of carcinoma was found. These results suggest that, in Shanghai, the main cause of bladder cancer is occupational exposure, especially to benzidine. The risk of bladder cancer, however, existed only in the presynthesis stage of dye manufacture.
In the 1970s the incidence of bladder cancer had clearly increased in Shanghai when compared with the 1960s, and there was a tendency towards an increased risk in the chemical dyestuffs industry. ' Evidence existed showing that certain aromatic amines were the cause of bladder cancer in man. To explore the effect of occupational exposure to one of the carcinogenic aromatic amines, benzidine, and its derived dyes on bladder cancer in Shanghai a series of epidemiological investigations were carried out comprising a case-control study on bladder cancer, a retrospective cohort study on bladder cancer among workers exposed to benzidine in the Shanghai dyestuffs industry, and a retrospective cohort study on cancers among the users of benzidine derived dyes in Shanghai textile printing and dyeing industries. (317 men and 17 women) remained for analysis. Because of the small number of women, analysis was restricted to the 317 men and their matched controls. Among the 317 cases, 315 had a pathological diagnosis of transitional cell carcinoma; two had the diagnosis proved by endoscopy. The cases were aged 23-78 with a peak of incidence of cancer between 50 and 69. Table 1 shows the association of bladder cancer with various histories, estimated as relative risk; the Mantal-Haenszel test was used for statistical analyses. Of the eight factors, only the relative risks for occupational exposure and cigarette smoking were statistically significant. After adjustment for occupation or smoking both were still correlated with incidence of bladder cancer: the relation between occupational exposure to benzidine and incidence of bladder cancer was closer than that between smoking and incidence of bladder cancer (table 2) . This study was conducted in seven factories producing benzidine derived dyes. Firstly, we ascer- (14 men and one woman) had a pathological diagnosis, 14 had transitional cell carcinoma, and the other had a deeply infiltrating tumour which could not be classified microscopically. Table 4 shows the results compared with the control group and standardised with the data for malignant tumours in the urban area population of Shanghai. Among the exposed group standardised incidence ratio (SIR) and standard mortality ratio (SMR) of bladder cancer were significantly higher than that of the general population in Shanghai, and the RRs of bladder cancer and all cancers were also raised. Table 5 shows that the 14 cases of bladder cancer in men were all in the presynthesis group. erived from the crude rate.
Subjects, methods, and results

CASE-CONTROL STUDY
Several factors that could be confounding were namely, that occupational factors played a more examined. In the presynthesis and postsynthesis important part in development of bladder cancer groups the average times worked in the industry for than smoking-was more obvious in this study. the non-benzidine exposure group (in workshops not Table 7 shows the RRs of bladder cancer with using benzidine) were 1666 (SE 083) and 1637 smoking and occupational factors. The RRs for (1 01) years. The average ages of first entry into the bladder cancer among smokers of the presynthesis workshops using benzidine were 31 62 (1-05) for the and the exposed groups were significantly higher presynthesis group and 3363 (1 64) for the post-than among smokers of the control group. Moreover, synthesis group. The average time from first em-the RRs among the non-smokers of the presynthesis ployment in the workshop to this investigation or to and the exposed groups were significantly higher first diagnosis of cancer or dying of other causes was than among the non-smokers of the control group. 19 01 (0-73) years for the presynthesis and 17 70
The mean latent period of the 14 cases of bladder (0 85) years for the postsynthesis groups. There were cancer was 20 years (range 3-30 years, mostly 20-29 no significant differences between the groups in these years). The exposure time ranged from one to 16 respects. Nor was any significant difference noted in years, mostly less than 10 years, and the average was the averge total cigarette consumption between the eight. The age adjusted morbidity increased with two groups.
exposure time ( Only one female case of bladder cancer occurred in 1980, and the age at the first diagnosis was 51. The latent period was 11 years and the exposure time was 4 75 years. The woman has survived and the disease has not recurred. After this study, a medical surveillance by urinary exfoliative cytology has been established (from 1982). Based on the average latent period mentioned above, examination of urinary sediment has been performed in 212 subjects, whose duration from the first entry into the workshops using benzidine was more than 20 years. Table 9 shows some results of this screening. Eight subjects in the presynthesis group were in grades 3 or 4; no one in the postsynthesis group was beyond grade 2. Two cases of bladder cancer developed in the presynthesis group during this period of surveillance; both cancers were suspected on urinary exfoliative cytology and before the appearance of haematuria.
RETROSPECTIVE COHORT STUDY INTO TEXTILE PRINTING AND DYEING INDUSTRY
This study was conducted in 17 knitting factories, 10 stocking factories, nine silk printing and dyeing factories, and seven printing and dyeing factories in Shanghai. These factories were using or had used benzidine derived dyes. The jobs where the workers were exposed directly to the dust of these dyes were weighing, formulating, and dyeing.
The study group consisted of all those who had worked in weighing and formulating or dyeing for more than one year (comprising those who were still active, retired, transferred, or who had died). These 5. Age at first diagnosis (y) Figure 2 Age distribution of 14 cases of bladder cancer in men in presynthesis group and expected distribution in urban area of Shanghai. that more than 20% had worked in factories producing dyestuffs.7 Also, 17 (8 5%) of200 cases of bladder cancer in men were employed as dyeing workers.8 In our case-control study 12-9% (41/317) had a history of positive occupational exposures to dyes, which approximates to the levels given in other reports. So far as exposure to dyestuffs is concerned, as one may be exposed not only to the different types of dye but to the different intermediates of dyestuff, our case-control study could not determine the specific chemicals to which exposure occurred or the cause specific morbidity. It could give some clues to several aetiologies, and the conclusions may be ambiguous in defining associations.
In the retrospective cohort study the subjects were explored from cause to result. Although it was possible that the cohort members had been exposed to other chemicals, it was certain that they had all had exposure to benzidine or its derived dyes; thus cause analysis was possible. The incidence of bladder cancer was higher among those working with benzidine, and the incidence of morbidity from all cancers was also increased compared with controls. There are large differences in reported incidence of bladder cancer in people exposed to benzidine; the incidence among the workers manufacturing benzidine may reach 19-1% whereas among the users it was only 2-9%9 'O In our study a similar incidence of bladder cancer of 2-55% (14/550) was found in the men. The latent period and the exposure time were also consistent with previous studies."' A dose response relation existed between exposure time and the morbidity of bladder cancer. Thus this study has confirmed that the bladder cancer that developed in workers exposed to benzidine is an occupational cancer in the Shanghai dyestuffs industry.
In the retrospective cohort study there were no data on the benzidine concentrations in the presynthesis or postsynthesis process because the manufacture of benzidine derived dyes had been stopped for many years in China. These two processes, however, were usually placed on separate floors in Shanghai dyestuffs factories and as those who had worked in both processes were assigned to the presynthesis group the 196 men in the postsynthesis group were all exposed to dyes rather than benzidine itself. Therefore, the results in this study suggested different degrees of carcinogenicity between benzidine and its derived dyes.
Since the 1970s concern has been expressed as to whether dyes containing the unsubstituted benzidine moiety have a carcinogenicity similar to that of benzidine itself. Until now, however, no conclusions have been drawn because of lack of information from cohort studies. Kingsley mentioned in his review in 1977 that an excess of lung cancer was found in some studies among printers, newspaper workers, and typographers in the United Kingdom, but in the United States printers did not show a higher than normal incidence of cancers in several investigations.12 Two studies conducted in England did not suggest an excess of bladder cancer.
Kingsley also pointed out that studies on cancer incidence among textile printing, dyeing, and finishing personnel of the industries appeared not to have been carried out.'2 Nineteen epidemiological reports were published during 1958-78, concerning. textile, leather, plastics, paper manufacturing, shoe making and repairing industries, and Japanese kimono painters. The results showed large differences and positive associations were seen mainly in the leather industry.'3 It was unfortunate that these reports were all case-control studies as the investigation of occupational history could only reach the level of "working with dyestuffs." It was difficult to ascertain which dyes the cases were exposed to, and what part the benzidine derived dyes played. A review published in 1984 mentioned that only two epidemiological studies suggested that dyes derived from benzidine may induce cancers in man.'4 One was a case-control study of bladder cancer in which four types of dyes were involved. The other showed an excess of bladder cancer among some workers in drying and grinding processes in the dyestuffs industry, and the detection of benzidine in the urine of these workers. The evidence for carcinogenicity of benzidine derived dyes, therefore, did not seem as conclusive as that for benzidine itself. More definite information is required urgently, however,-because these dyes are used widely. In addition to the printing and dyeing, leather tanning, paper, printing, ink, plastic, and arts and crafts industries, they have been used in the production of cosmetics and hvair dyes. About 150 000 workers were potentially exposed in the dyestuff manufacturing, textile dyeing, printing, paper, leather, and other 28 industries (not including arts and crafts) during 1972-4 in the United States. '5 Compared with this, the population exposed to benzidine (including manufacturing and using) is much smaller. Based on our data, the number of workers actually exposed to benzidine in the presynthesis group was only 413, whereas 1210 workers were exposed to dyes in the textile printing and dyeing factories. Also, it is estimated that more than 2000 workers are exposed to these dyes in the leather tanning industry in Shanghai. It is necessary to evaluate how much potential risk ofcancer is faced by such a large number of workers.
In our study the 15 cases of bladder cancer were all in the presynthesis group, and the highest incidence occurred in the job of material treatment where there was direct exposure to benzidine. No case was seen in the postsynthesis group, members of which were exposed only to the dyes derived from benzidine. This finding has not been reported previously. Confirmation for this result was obtained from the study in the textile printing and dyeing factories.
Three types of benzidine derived dyes-namely, direct black 38, direct blue 6, and direct brown 95-induced liver cancer in rats.'6 Experiments on animals (rats, mice, dogs, and monkeys) demonstrated that these dyes may be reduced to benzidine in vivo as benzidine and acetylbenzidine were detected in urine after administration of dyes. '7 The development of the Ames test led to the possibility of detecting the mutagenicity of benzidine derived dyes. We modified established protocols8 19 to satisfy the conditions in China, and used them for testing 12 different dyes used widely in China; all expressed mutagenicity.20
The metabolism of benzidine derived dyes in the body is related directly to their carcinogenicity. It was assumed that after entering the body these dyes were reduced and their azo bonds cleaved by anaerobic bacteria in the gut to release benzidine, which was then transferred to the liver and further metabolised enzymatically by N-hydroxylation into the ultimate carcinogen.2' Thus the reductive cleavage of azo bonds is thought to be the key to the dyes' carcinogenic properties. Many studies have shown that in vivo and in vitro micro-organisms can cleave the azo bond of some benzidine derived dyesfor instance, direct black 38, to release benzidine itself.2224
The intestinal metabolism of these dyes in man is likely to be a complex process. It is thought that the reductive process requires an activated enzyme system and the appropriate micro-organisms to be present simultaneously, so that the free amines are further metabolised immediately and could attack the target cells directly.2' In man, the process occurs in the intestine, liver, and bladder. These dyes are always difficult to fully reduce, and the rates of benzidine and monoacetylbenzidine collected in urine are about 1-5% of the amount of benzidine in the dye molecules.'4 Therefore, results from animal experiments and short time tests cannot be simply extrapolated to man.
The studies presented in this paper give the first epidemiological information concerning the effects of job difference on the incidence of bladder cancer in those manufacturing benzidine derived dyes, and the first report of a cohort study about cancer experience among the users of these dyes. The results suggest that the risk of bladder cancer exists mainly in the presynthesis process of dye manufacture and the benzidine derived dyes do not appear to be as strongly carcinogenic as benzidine. This supports a study that compared cases of bladder cancer in those exposed to benzidine with those working in the dye industry.25 It is too early to make firm conclusions based on our results; however, it is necessary to conduct cohort studies in various industries where these dyes are used, and more experiments on their metabolism; such studies are now in progress. 
